Summary: An automated method for the analysis of total urinary hydroxyproline using strong cation resin tablets of Hypronosticon is described for use in a clinical laboratory and the results are compared with those obtained by other methods.
Introduction
As hydroxyproline is found almost exclusively in collagen, its excretion in the urine can be used to follow the changes in the metabolism of collagen (1, 2) . In the last decade, several manual as well as automated methods for the determination of hydroxyproline have been published in the literature. In urine, up to 95-97 % of the hydroxyproline is accounted for in peptide-bound form and 5-3 %jn free form (3) . Therefore, for the estimation of total hydroxyproline in urine, the peptide-bound form should be released by acid hydrolysis. During the hydrolysis, large amounts of humins are formed which have to be removed along with the othef interfering compounds. Recently Goverde & Veenkamp (4) have reported a method for the assay of total urinary hydroxyproline in which the hydroxyproline-containing material from urine is bound to the strong cation exchange resin tablet and the interfering compounds are eliminated by subsequent washing.
Comparison of the manual method of Goverde & Veen· kamp (4) with the automated method of Grant (5) for the determination of hydroxyproline in urine revealed a good correlation (r = 0.9805) between the two techniques (6) . Further the same authors have also reported (7) that these two methods were sufficiently specific and suitable for use in the routine clinical chemical laboratory by comparing the results with the manual reference method ofKivirikko et al (8) .
Since we reported in a previous communication (9) , a satisfactory and reproducible automated method for the estimation of total hydroxyproline in urine with the Auto Analyzer, we felt it worthwhile to use the strong cation exchange resin tablets of Hypronosticon in our own method and compare the results thus obtained with the original method, as well as with that ofBergtnan SiLoxley (10) . We now report an automated method using strong cation exchange resin tablets of Hyprono-sticon for the assay of total urinary hydroxyproline and discuss the relative merits of this and the two methods already referred to.
Materials and Methods

Chemicals
Hypronosticon resin tablets (N.V. Organon oss, Holland), hydroxy-Z-proline (calbiochem, A grade); the other chemicals were from Merck*(p.a grade).
Apparatus
The Technicon Auto Analyzer components assembly and preparation of reagents for the automated determination of hydroxyproline are described in a previous communication (9) .
Method
The urine samples were hydrolysed and neutralised according to the method of Goverde & Veenkamp (4). After neutralisation, distilled water was added up to about the 2.5 ml mark; the suspension was then homogenized in a vibrating mixer and centrifuged for 5 min at about 1000 rpm. The supernatant was carefully collected in a volumetric flask. About 2.5 ml of distilled water was again added to all the tubes, followed by homogenization and centrifugation as before. The superantant was collected in the same flask containing the first portion and the volume was made up exactly to 5 ml with distilled water and again centrifuged. One drop of 2 mol/1 HC1 was added to the supernatant to eliminate the indicator colour. One ml aliquots of the samples were then transfered to Auto Analyzer cups and placed on the sampler II, alternating with water cups to give a double wash and run at 30 cups per hour. Hydroxyproline standards preceed each run and the determinations were carried out using the flow diagram in figure 1 . The reliability of the present method was tested by the recovery of hydroxyproline under various conditions as follows: a) The effect of urine components on the percentage recovery of hydroxyproline was tested by adding internal hydroxyproline standards to the urine samples after (tab. 1) and before (tab. 2) hydrolysis; the results were compared to those of Delfosse et al (9) and Bergman & Loxley (10) respectively. b) Three aliquots of different urine samples were analysed according to the proposed method and the methods of Delfosse et al (9) 
Results and Discussion
The results pertaining to the percentage recovery of hydroxyprolinej obtained by adding known amounts of standard hydroxyproline to the urine samples after hydrolysis are presented in Thus it can be seen that the best recoveries are obtained using the technique described in the present work by adding internal standards after hydrolysing the urine (tab. 1) and the results are comparable with those of the automated method reported previously (9) . When the internal standards were added before hydrolysis of urine, the average percentage recovery appeared to be lower (87.1 %) in the present method than in our automated method (90.1 %).
However, the differences are small and may be not significant. These results therefore suggest that the proposed method is satisfactory.
The reliability of the proposed method was also assessed by analysing the same urine samples using different methods and the results are presented in table 3. It can be seen that the urinary hydroxyproline values agree between the methods of Delfosse et al (9) and Goverde & Veerikamp (4).
These results are also in agreement with those ofBurkhardt et al (6) . However, the present method gave values that were consistently about ten percent lower than those obtained by the method of Delfosse etal (9).
While good recoveries are obtained using the technique described in the present work by adding the internal standards either before or after hydrolysis of the urine, it is noteworthy that the difference introduced by hydrolysis in the presence of resin in the present method, suggests that the latter is responsible for the lower urinary hydroxyproline values compared with the previous technique (9) (tab. 3). Results from the determinations of standard hydroxyproline suggest (unpublished results) a loss of the amino acid after hydrolysis in the presence of the resin (3.2 %). When compared with the method of Delfosse et al (9) , the loss amounts to 11.6 % (tab. 3), providing the hydrolysis in presence of resin is performed on urine and not merely on hydroxyproline solutions. Although the difference might be due to the effect of interfering substances in urine it is nevertheless difficult to understand why the same difference is not found between the methods of Delfosse et al (9) and Goverde & Veenkamp (4) respectively (tab. 3).
However, one of the two time consuming steps (namely drying) does not involve any manipulation and the comparison between the automated technique using HC1 hydrolysis and the present method using resin hydrolysis rests upon the amount of samples to be treated; considered on a time basis it would appear to favour the latter.
This advantage must be weighed against the lower urinary hydroxyproline values. Nonetheless, the results obtained by the present method are consistent. They are meaningful provided the same procedure is followed throughout the course of an experimental study.
